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CASE REPORT

The Value of 3D Vena Contracta Area in a Patient
with Degenerative Mitral Regurgitation and
Multiple Jets
Shing Ching*,1, Chiu Sun Yue
Division of Cardiology, Department of Medicine and Geriatrics, United Christian Hospital, Hong Kong, China

Abstract
Quantiﬁcation of degenerative mitral regurgitation with multiple jets in atrial ﬁbrillation is challenging with two
dimensional techniques and may underestimate the severity. We report the feasibility and advantages of vena contracta
area in three dimensional transesophageal echocardiography in evaluation of such a patient.
Keywords: Mitral regurgitation, Vena contracta area

Introduction

T

he quantiﬁcation of degenerative mitral
regurgitation (MR) is challenged by jet eccentricity and presence of multiple jets that violate
the geometric assumption of two dimensional (2D)
methods. For example, the regurgitant oriﬁce often
deviates from the hemispheric proximal isovelocity
surface area (PISA). Cardiac cycle variability in
atrial ﬁbrillation introduces another dimension of
uncertainty in methods based on measurements
acquired in different cardiac cycles. Technological
advance in three dimensional (3D) transesophageal
echocardiography (TEE) has enabled single-beat
acquisition of 3D color Doppler at high frame rates.
Multiplanar reformatting (MPR) of 3D color data
identiﬁes the vena contracta area (VCA), which
closely correlates with regurgitant volume
measured by volumetric [1] and thermodilution
methods [2]. We report a case of degenerative MR
in which 3D VCA provides essential quantitative
data.

Case report
A 73-year-old man presented with progressive exertional dyspnea for 4 months. He had history of
permanent atrial ﬁbrillation and moderate MR. His
last echocardiogram two years prior showed LV and
left atrial (LA) dilation as well as moderate eccentric
MR. Chest radiograph showed cardiomegaly and
pulmonary congestion. Electrocardiogram (ECG) was
in atrial ﬁbrillation. He underwent TEE for MR
quantiﬁcation (6VT-D transducer, Vivid E95, GE
Vingmed Ultrasound, Horten, Norway). Eccentric MR
due to anterior mitral valve leaﬂet (AMVL) at A1
segment as well as posterior mitral valve leaﬂet
(PMVL) ﬂail at P3 segment was demonstrated on 3D
(Figure 1). PISA estimated an effective regurgitant
oriﬁce area (EROA) of 0.34cm2 and 0.2cm2 for A1
prolapse and P3 ﬂail respectively. Left pulmonary
veins demonstrated systolic ﬂow reversal. 3D color
Doppler of MV was obtained at aliasing velocity of
69cm/s with variance mapping and analyzed ofﬂine
with MPR at peak systole. The reconstruction plane
was placed at the narrowest neck of color ﬂow that
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Figure 1. Surgeon's view of the mitral valve with the aortic valve at 0 o'clock shows A1 segment prolapse and P3 segment ﬂail.

Figure 2. Multiplanar reconstruction of 3D color Doppler image of the mitral A1 segment. The reconstructed plane is oriented perpendicular to the
ﬂow direction in two orthogonal planes. Planimetry of vena contracta area measures 0.41cm2.
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deﬁnes the vena contracta, and oriented perpendicular to the ﬂow direction in two orthogonal planes.
The VCA was planimetered including only green
areas that indicate turbulence. The VCA measured
0.41cm2 and 0.27cm2 at A1 and P3 respectively, giving
a summed VCA of 0.68cm2 (Figures 2 and 3). The patient was referred to cardiothoracic surgery for mitral
valve replacement.

Discussion
3D VCA has been validated in multiple studies as a
robust parameter of regurgitant severity against
volumetric and thermodilution measurements. A
VCA of 0.41cm2 identiﬁes severe MR [3]. It is superior
to PISA in terms of intra- and inter-observer variability, and is particularly valuable in the evaluation of
MR with multiple jets. EROA of individual jets obtained by PISA cannot be summed. Despite individual
EROA being in the moderate range, in aggregate the
hemodynamic effect is unpredictable. In contrast,
summation of VCA in MR with multiple jets closely
approximates EROA calculated from LV volume from
3D echocardiography and thermodilution along the
spectrum of MR severity from mild to severe [2].
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Although most studies on VCA were performed on
the Philips TEE platform, we have shown that 3D VCA
is highly consistent across modalities (transthoracic
vs. transesophageal), vendors (GE vs. Philips) and
loading conditions (alert vs. conscious sedation vs.
general anesthesia) in degenerative MR [4]. We
observed that variance mapping signiﬁcantly enhances robustness of VCA measurement. As ﬂow
converges to the vena contracta, it inevitably becomes
turbulent represented by a mosaic pattern of colors at
the plane of VCA, confusing the delineation of the
VCA border. With variance mapping, turbulent areas
are color-coded green. Only the green area should be
planimetered and the rest excluded. VCA obtained in
this manner is relatively immune to effects from
different machines and Doppler settings. A frame rate
of 15e20 frames/s is essential to identify mid-systole
where MR ﬂow is at its peak. It may be necessary to
limit the region of interest to individual jets in each
acquisition to maximize the frame rate, after which
VCA is calculated for each jet and summed.
2D PISA fails to account for the combined hemodynamic effect of two MR jets in the patient and
contributes to underestimation of MR severity.
Indeed, systolic ﬂow reversal in the left pulmonary

Figure 3. Multiplanar reconstruction of 3D color Doppler image of the mitral P3 segment in a similar fashion. Planimetry of vena contracta area
measures 0.27cm2.
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veins and LV dilation is inconsistent with moderate
MR in this patient. 3D VCA resolves the discrepancy. Furthermore, being a single-beat technique, it
overcomes the challenge of cardiac cycle irregularity
in atrial ﬁbrillation. Calculation of EROA with 2D
PISA requires measurement of PISA radius in one
cardiac cycle and peak MR velocity in another.
Although beats of similar cycle length should be
used, the severity of MR depends not only on heart
rate of the acquired beat but also on that of preceding beats. A salvo of rapid beats modulates the
loading condition and myocardial contractility of the
ensuing acquired beat, introducing error in either
PISA radius or peak MR velocity. On the contrary,
3D VCA obviates the need to match heart rate and is
more robust to cycle length variation.
In summary, we demonstrated the advantages of
3D VCA in evaluation of degenerative MR with
multiple jets in atrial ﬁbrillation, which is a blind
spot of 2D techniques.
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